Abstract -Bio met ric based personal recognition is an efficient method for identifying a person. Recently, hand based biometric has become popular due to its various advantages such as high verificat ion accuracy and high user acceptability. This paper proposes a hybrid model using an emerging hand based biometric trait known as Finger Back Knuckle Surface. This model is based on angular geometric analysis which is imp lemented on two different samples of Finger Back Knuckle Surface such as Finger Bend Knuckle Surface and Finger Intact Knuckle Surface for the ext raction of knuckle feature informat ion. The obtained feature informat ion fro m both the surfaces is fused using feature information level fusion technique to authenticate the individuals. Experiments were conducted using newly created database for both Bend Knuckle and Intact Knuckle Surface. The results were pro mising in terms of accuracy, speed and computational complexity.
I. INTRODUCTION
Bio metric Technology is the one wh ich automates the identification of a person based on their physiological and behavioral characteristics for a security system [1] . Among all other bio metric traits, hand based biometric modalities are very popular and mo re advantageous due to their pro mising results in accuracy, co mputationally less complex to process and also their user friendliness [2] [3] [4] . Many of the wo rks have been done using hand based biometric traits such as palm print, hand geometry, finger Prints, finger geo metry, hand vein texture, finger knuckle prints and palm side finger knuckle prints [5] [6] [7] [8] [9] [10] [11] etc… In this paper, Finger Back Knuckle Su rface (FBKS) is taken as bio metric trait for personal authentication. Here, t wo different samples of Finger Back Knuckle Surface such as Finger Bend Knuckle Surface and Finger Intact Knuckle Su rface are utilized. The internal texture patterns of both the finger back knuckle surfaces are highly unique and a birth feature. The feature info rmation obtained fro m these patterns is extremely distinctive and able to distinguish between the individuals.
Generally, geo metric based biometric systems ext ract the feature informat ion by explo iting the shape feature of the bio metric trait. In many of the existing works on hand biometrics using geometrical analysis ext racts the feature informat ion like finger length, finger width, finger area, palm width, palm thickness and palm area etc… [12] [13] . The above said feature information will provide limited level of discrimination wh ich leads to difficulty in authenticating the individual. This degrades the performance of the system by increase false acceptance and false rejections. This makes the system to be rarely deployed in real time applications of large users [14] . But these systems have the greatest advantage of high user acceptability and computationally less complex. The above analysis concludes that, there is need for hand based biometric system using geometric analysis which ext racts extremely comp lex information such as angular informat ion to distinguish between the individuals. This paper solves this issue, by introducing a hybrid model for b io metric authentication using Finger Back Knuckle Surface. Th is hybrid model is composed of angular geometric analysis methods using Tangents and Secants, which is imp lemented on both the bend knuckle surface and intact knuckle surface to ext ract the angular informat ion. This paper is organized as follows. The paper commences with the discussion of existing recognition methods for the finger knuckle prints as a bio metric trait in section II. The section III proceeds with the brief discussion about the proposed hybrid model for biometric authentication. Section IV and V e xp lores the feature extraction methods for both the Finger Bend Knuckle Su rface and Finger Intact Knuckle Surface respectively. In depth analysis of the fusing technique using information score level fusion is done in the subsequent section VI. Illustration of classification technique, which processes the similarities between the reference and input image for bio metric authentication, is provided in section VII. Exp lanations of experimental set up in the mode of verification and identification by conducting two different experiments with the results discussion are presented in the section VIII. This paper concludes with a performance of the proposed hybrid model and with the idea for future work in section IX.
II. EXISTING WORK
A number of techniques for personal authentication based on hand based biometric traits such as palm print, finger p rints have been proposed in the literature. Most of the hand based biometric trait recognition methods primarily emp loy three types of feature ext raction algorith m, such as, line based, texture based, statistical based [15] . Line based feature extraction schemes are different edge detection methods are used to extract palm lines -princip les lines, wrinkles, ridges. The extracted edges directly or being represented other formats. In the line based, palm lines are adopted as biometric feature would result in the possibility for mo re than one person having similar principal lines. [16] Texture based extraction schemes, in which images are divided into blocks, where the variat ions exist in either blocks of images are extracted. In these concept techniques like Gabor filters, Ord inal filters, minutiae feature offer pro mising results. So me popular transform such as Discrete Wavelet transform, Gabor Filters, Discrete Cosine Transforms, Discrete Fourier Transforms are used for ext racting features fro m image data.
In [17] Online palm print identificat ion system emp loys low-resolution palm print images to achieve effective personal identification. In this system a novel device for online palm print acquisition and an efficient algorith m fo r fast pal print recognition with 2D Gabor phase encoding scheme is proposed for palm print extraction or representation. In this paper online system refers to a system which captures palm print images using a palm print capture sensor that is directly connected to a system for real time p rocessing. In this authors have identified three issues in developing online palm print identificat ion.1.Palm print acquisition, 2. Palm print feature representation 3. Palm print identification.
In this [18] paper presented a new approach to achieve reliable personal authentication based on simu ltaneous extraction and co mbination of mu ltip le biometric features ext racted fro m 3-D and 2-D images of the human hand. The proposed approach in this paper acquires hand images in a contact-free manner to ensure high user friendliness simultaneously captured range and intensity images of the hand are processed for feature extraction and matching. The proposed method of 3-D hand-geomet ry features exp licit ly capture curvature variation on the cross-sectional finger segments. Simple and efficient metrics, capable of handling limited variations in the hand pose, are proposed for matching a pair o f 3-D hands. In this authors were also introduced a new feature representation, namely, Surface Code, for 3-D palm print wh ich achieves better performance. The experimental results on a database of 177 subjects demonstrate that the 3-D hand-geometry features have high discriminatory information for b io metric verification. Besides hand-geometry informat ion, other hand biometric features such as 2-D Palmprint, 3-D Palmp rint, and 2-D finger texture can also be simu ltaneously extracted fro m the acquired images. Therefore, we investigated the potential of integrating these hand-based features into our unified framework and obtained the best performance when all of the features are comb ined.
In this [19] paper has presented a new approach for personal authentication using the finger back surface. The developed system automat ically extracts the knuckle texture and simu ltaneously acquires finger geometry features to reliably authenticate the users. The proposed method of knuckle region segmentation, finger ring detection, and the extraction of finger geo metry features has been quite effective in achieving higher performance. The system is rigorously experimented on a specially acquired finger back image database from 105 users and achieved promising results. The appearance-based features are extracted fro m the segmented knuckles using subspace methods and a comparative study is reported. The palm p rint and fingerprint features can be simu ltaneously extracted fro m the palm-side hand images and combined to achieve performance improvement.
In [20] this paper, a new approach to authenticate individuals using triangulation of hand vein images and simu ltaneous extraction of knuckle shape informat ion. The proposed method of this paper is fully automated and emp loys palm dorsal hand vein images acquired fro m low cost, near infrared, contactless imag ing. The knuckle t ips are used as key points for the image normalizat ion and extraction of region of interest.
In [21] investigates a new approach to quantify the quality of sensed data to generate a reliable estimate on the matching scores. The proposed method is based on the quality of the user templates. In this work, authors have proposed a bimodal b io metric system with palm print and hand shape images fro m a single hand image. The biometric measurement for finger knuckle print is also presented in this work. The user quality is defined as fro m the associated biomet ric samp le and quantified as a measure of confidence of user bio metric samp le with its own templates. In this approach a single quality measure for a user is estimated fro m its genuine training matching scores. This type of quality is the quality for the biometric of the user, rather than the quality of an based on Angular Geo metric Analysis The matching scores are generated in stages -1) Hierarchical matching score fro m the four topologies of triangulation in the binarized vein structures and 2) Fro m the geometrical features consisting of knuckle point perimeter d istances in the acquired images. The weighted score level comb ination fro m these two matching scores are used to authenticate the individuals. The weighted score level co mb ination fro m these two matching scores are used to authenticate the individuals. The experimental result of a system produces high performance with equal error rate of 1.14 %.
Fro m the study conducted with the existing works in the literature for recognition methods of finger knuckle print, the analysis shows some of the limitations. In some of the texture analysis methods the accuracy of the system is main ly depends upon the knuckle segmentation methodology. The more accuracy can be obtained with the more accurate segmentation, which gives rise to two different tradeoffs -User acceptability and computational comp lexity. According to the existing works with the low quality images the accuracy can be obtained by more number o f partit ioned blocks which in turn increases computational comp lexity. It has been identified that there is a need of the mu ltimodal biometrics approach which exp loits the subset of features by means of geometrical analysis, which can be computationally less complex.
III.
THE HYBRID MODEL 
A. PRE -PROCESSING AND ROI EXTRACTION
The preprocessing of the captured Finger Bend Knuckle Surface image is done to extract the knuckle patterns. Fig. 2 illustrates the pre processing of finger bend knuckle surface. The segmentation of the captured image is done by incorporating the coordinate system. This is achieved by defining the x-axis and y-axis of the based on Angular Geo metric Analysis captured image. The base line of the finger is taken as xaxis. The y-axis for bend surface knuckle patterns in the finger is defined by means of convex curves determined fro m the edge record of the canny edge detection algorithm [18] . The curvature convexit ies of the obtained convex curves were determined for bend knuckle pattern. The Y axis of the knuckle is resolute by means of the curvature complexity which is nearly equal to zero at the center point. By this method, ROI is extracted from the FBKS which of 100x80 pixel size for bend surface knuckle region. The extracted ROI image consists of area contiguous to the joints of the FBKS, which consists of points, lines and curves for feature information extraction.
B. FINGER BEND SURFACE FEATURE POINT EXTRACTION METHOD.
Finger bend knuckle surface image shown in the fig.2 (a) are subjected to normalization and seg mentation to obtain ROI. Knuckle feature points were identified in this experiment are knuckle edge points and Knuckle mid points. Canny edge detector algorithm [22] is used to identify the curved feature fro m both the sides of finger back knuckle surface. These curves can be called as hybrid convex curves, since it curves both leftwards and rightwards as shown in the fig. 2 (b) . Fro m the identified convex curves, knuckle edge points were calculated. It is done by establishing sequence of points that the line passes through. Edge in the obtained is identified by the concept that the edges are the areas with the contrast in intensity. The intensity level in the edge varies fro m one pixel to the next p ixel. Based on this criterion, the canny algorith m is the gradient based algorith m which h ighlights the maximu m derivative region by restraining the pixel that is not maximu m. Edge thresholding is used in this algorith m to identify the edge pixel which is above the high threshold. The edge points identified by means of convex curves can be named as Finger Bend Knuckle Edge Right (FBKER) and Finger Bend Knuckle Edge Left (FBKEL).
Knuckle Mid Identification
Knuckle midpoint identificat ion is done by the determination of X-axis and Y-axis of the knuckle image as shown in the fig. 2 (c) . The axis identification is also done based on the canny edge detection algorith m. This can be captured fro m the acquired image itself. By considering the bottom boundary is a straight line, local coordinate system is determined. The hybrid curves identified fro m the canny edge algorith m curves both the sides. There are some area around the middle surface of the finger back knuckle surface contains some of the lines whose curvature convexity is nearly equal to zero. One such line is identified around the center of the curved surface of the knuckle and it is used to set the Yaxis. The midpoint of the Y axis line is taken as Finger Bend Knuckle M id Point (FBKM P).
C. CORE KNUCKLE PARAMET RIC METHOD
Core Knuckle Parametric Method is a Geo metrical Analysis Method (KGAM), which enables to construct various geometrical structures on identified knuckle features so that the feature informat ion about the bend surface knuckle can be easily extracted. In this method, geometrical structures like circles, Tangents, Secants were constructed using the identified knuckle contours such as Finger Bend Knuckle Edge Right (FBKER), Finger Bend Knuckle Edge Left (FBKEL) and Finger Bend Knuckle M id Po int (FBKM P). Concentric circles were constructed on knuckle feature with the distance between FBKER and FBKM P as rad ius and the distance between FBKEL and FBKMP as another circle radius.
In each circle the construction of tangent using knuckle edge points which is away fro m the of both sides of knuckle surface. Tangent is constructed by drawing a straight line joining both the edge points and Mid Po int of the Finger Bend Knuckle Surface. Construct a bisector for the line and the distance between the FBKMP and the bisector line is taken as the magnitude to locate the points B and C on the either side of the circumference of the circle fro m the bisector line. These are the points at which two tangents touches on either side of the circu mference circle as shown in the fig. 3 
The far arc and near arc and near arc length can be calculated by co mputing the central angle fo rmed by the arc sector, wh ich can be g iven by the following (5),(6), (7) and (8) ( ) NearArc angle 
FarArc NearArc angle angle Six different angle measurements were done for single biomet ric knuckle image and stored in a two vectors named as V re f right and V re f left for both left side and right arc angles respectively.
V. FINGER INT ACT KNUCKLE SURFACE PREPROCESSING AND FEATURE EXT RACTION METHOD

A. PRE -PROCESSING AND ROI EXTRACTION
The preprocessing of the captured Finger Intact Knuckle Surface image is done to extract two different knuckle patterns. Fig. 7 illustrates the two different knuckle pattern namely Primary knuckle and Core Knuckle of the Finger Intact Knuckle surface. The segmentation of the captured Finger Intact Knuckle image is done by incorporating the coordinate system. This is achieved by defining the x-axis and y-axis of the captured image. The base line of the finger is taken as xaxis. The y-axis for two different knuckle patterns in the finger is defined by means of convex curves determined fro m the edge record of the canny edge detection algorithm [18] . The curvature convexit ies of the obtained convex curves were determined for both primary and core knuckle Pattern. The Y axis of the primary and core Knuckle are resolute by means of the curvature complexity which is nearly equal to zero at the center point. By this method, ROI is extracted fro m the FBKS which of 100x80 p ixel size for primary knuckle region and 220x110 pixel size for core knuckle region. The extracted ROI image consists of area contiguous to the joints of the FBKS, which consists of points, lines and cuvees for feature information extraction. 
B. FINGER INTACT SURFACE FEATURE POINT EXTRACTION METHOD
This method incorporates the features of both the core knuckle and primary knuckle. This method initially identifies FBKS feature points such as knuckle edge points and knuckle mid points from both the primary and core knuckle surfaces.
Knuckle Edge Identification
Knuckle edge points were identified by means of Canny edge detector algorith m [13] [17] , which identifies the curved feature from both primary knuckle and core knuckle surfaces of FBKS. Fro m the identified convex curves, knuckle edge points were calculated. It is done by establishing sequence of points that the line passes through. Edge in the obtained is identified by the concept that the edges are the areas with the contrast in intensity. The intensity level in the edge varies fro m one pixel to the next p ixel. Based on this criterion, the canny algorithm is the gradient based algorithm which highlights the maximu m derivative region by restraining the pixel that is not maximu m. Edge thresholding is used in this algorith m to identify the edge pixel which is above the high threshold. The edge points identified by means of convex curves can be named as Primary Knuckle Edge Right (PKER) and Primary Knuckle Edge Le ft (PKEL). For the core knuckle edge points are named as Core Knuckle Edge Right (CKER) and Core Knuckle Edge Left (CKEL).
Knuckle Mid Point Identification
Knuckle mid identification is done by the determination of X-axis and Y-axis of the knuckle image as shown in the fig. 2 (d) . The axis identification is also done based on the canny edge detection algorith m. The X-axis can be captured fro m the acquired image itself. By considering the bottom boundary is a straight line, local coordinate system is determined. The hybrid curves identified fro m the canny edge algorithm curves both the sides. There are some area around the middle surface of the FBKS contains some of the lines whose curvature convexity is nearly equal to zero. One such line is identified around the center of the curved surface of the knuckle and it is used to set the Y-axis. The midpoint of the Y axis line is taken as Primary Knuckle M id Point (PKMP). Similarly, Y' is y-a xis of the core knuckle, the knuckle mid point is identified as the midpoint of the Y' axis and it is named as Core Knuckle Mid Point (CKMP).
C.
INTRA KNUCKLE PARAMETRIC METHOD Intra Knuckle Parametric method using Tangents and Secants of proposed work enables to construct various geometrical structures on identified knuckle features. In this method, geometrical structures like circles, Tangents, Secants were constructed using Primary knuckle edge points, Core knuckle edge points, Primary knuckle mid point and Core knuckle mid point. Fro m the identified Core Knuckle M id Po int (CKMP), a circle is constructed with the distance between CKMP and CKER as radius and it is named as circle 'R c '. Fro m the identified Primary Knuckle M id Point (PKMP), wh ich is away fro m the circle, the following structures were constructed, (1) Two tangents were constructed to the circle, (2) Two Secants were constructed to the circle, (3) A tangent and a secant is constructed to the circle. All the structures were constructed from the identified knuckle feature points are shown in the fig. 8 . Similar structures were constructed using the feature points of primary knuckle. Fro m the identified Primary Knuckle Mid Po int (PKM P), a circle is constructed with the distance between PKMP and PKER as radius and it is named as R p . Fro m the identified Core Knuckle M id Point (PKM P), which is away fro m the circle R P , the following structures were constructed, (1) Two tangents were constructed to the circle, (2) Two Secants were constructed to the circle, (3) A tangent and a secant is constructed to the circle. A ll these structures were constructed fro m the identified knuckle feature points are shown in the fig.9 . The far arc can be defined as the arc formed by the each set of constructed geometrical structure which is away fro m the point fro m where these structures were constructed.
The near arc can be defined as the arc formed by each set of constructed geometrical structure wh ich is nearer for the point fro m which these structures were constructed. The far arc and near arc lengths can be computed by calculating the angle formed by the sector which is equivalent to the arc length. The far and near arc angle can be calculated by the above said equations. The Feature sets extracted fro m the mult iple modalities can be fused together to define a new feature vector for the individual for identification can be called as feature information level fusion. Here, Feature informat ion obtained from both the Finger Bend Knuckle Su rface and Finger Intact Knuckle Surface using Angular Geo metric Analysis Method are fused as single vector information for personal recognition. Both the feature info rmation is fused by comb ining serially the two sets of feature vector into single-Vector. Suppose be the information vector 1 with n dimension and β being the information vector 2 with m dimension obtained from the arbitrary informat ion The combination of these vector can be done by using weighted amalgamation method. Th is method gives weights are fixed according to the dimensionality of the vector.
, where is the weight, can be called as amalgamation coefficient. Th is amalgamation coefficient is obtained by g iving higher order weights to higher dimensional vector, since higher dimensional vector provides more powerful informat ion than the low dimensional vector. This is achieved by comparing the dimensions n and m, and the value of is obtained fro m values between ω and ω 2 , where ω = n/ m, if n>m.
VII. CLASSIFICATION SCHEME
The Classification Scheme is based on Correlat ion Coefficient Analysis. The Correlat ion Coefficient is a number that summarizes the direction and closeness of linear relations between two values. This analysis is made between reference vector information and input vector information.
Let x be the value fro m reference vector V ref Y be the value fro m input vector V inp The coefficient can be calculated in (10)
Value is close to 1; indicate the similarity measure, when the value converges to 0, dissimilarity between values.
VIII. EXPERIMENTAL RESULTS AND DISCUSSION
A. DATA SET FOR EXPERIMENT Date set for FBKBS images were captured using automated low cost contact less method using low resolution camera and in peg free environment. In this FBKBS images were co llected fro m 165 volunteers, including 125 males and 40 females. A mong them, 143 subjects were 20-30 years old and the others were 30 -50 years old. These samp les were co llected in t wo separate sessions. In each session, the subject was asked to provide 6 images for each of the left index finger, the left middle finger, the right index finger, and the right middle finger. Therefore, 48 images fro m 4 fingers were collected fro m each subject. In total, the database contains 7,920 images fro m 660 different fingers. The average time interval between the first and the second sessions was about 25 days. The maximu m and minimu m intervals were 96 days and 14 days, respectively.
Data set for FBKIS images were captured using automated low cost contact less method using low resolution camera and in peg free environ ment. The entire back surface of four d ifferent fingers were captured from 120 volunteers, including 60 males and 60 females. The samples were collected in a two different sessions. In each session subjects were asked to give five images of each o f the left index finger, Right index finger, Left middle finger and Right middle finger. There are totally 40 images for a subject. In total, the database contains 4800 images fro m 480 different fingers.
B.
EXPERIMENTAL RESULTS The results of the experimental analysis conducted both in verificat ion and identification mode is illustrated based on Angular Geo metric Analysis 
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The following graphical illustrations are the results obtained by implementing the hybrid Model using Finger Back Knuckle Surface. Fig. 10 and 11 illustrates the Receiver operational Characteristics obtained by implementing the core knuckle and intra knuckle parametric method in Finger Bend and Finger Intact Knuckle Surface image respectively. 
C. RESULTS DISCUSSION
The proposed Hybrid Model for personal recognition using Finger back knuckle surface achieves better performance than the existing techniques in the literature.
The discussions about the results of an experimental study were presented below.
(i) Graphical illustrations suggest that there is significant improvement in performance using the proposed method. (ii) In the conducted experiments, there is no single fusion combination best performing type. Different fusion combination performs better during the different experimental types. (iii) Fro m this experiment, It is also been proved that the Finger back knuckle surface as a biometric identifier achieves better performance similar to that of other biometric traits which has been under research for longer time such as finger prints. (iv) When using the finger knuckle prints and finger prints along with palm prints in the Verification mode experiment there was 1.68% difference in performance. (v) Also using the finger knuckle print and finger prints fused with palm prints in the Identification mode experiment, there was 1.51% d ifference in the performance obtained.
IX. CONCLUSION
This paper presented a new hybrid model to ach ieve effective performance in personal authentication system based on Intra modal b io metric which utilizes Finger Back Knuckle Surface as a Bio metric Trait. This approach acquires the knuckle images in a contact free manner to enhance user friendliness. In order to ext ract unique informat ion fro m the FBKS, we introduce two different representations, namely Finger Bend Knuckle Surface and Finger Intact Knuckle surface. The hybrid model methods were based on geometric analysis. Tangents and Secants method on both finger bend and Finger intact knuckle surface exp licitly captures the angular feature informat ion by constructing the geometrical structures like circles, Tangents and Secants etc… The potentiality of the innovated hybrid model was investigated by means of experiments. The quantification of performance imp rovement is done based on accuracy, and other based on computation complexity.
